The natural history of retinopathy of prematurity (ROP) has been studied prospectively in 572 infants ::;; 1,700 g birth weight using a protocol designed specifically to investigate the subtle features of this condition. Acute ROP developed in 50.9%. All ROP stages 1 and 2 under went complete resolution and of the 27 (4.7 %) infants with stage 3/4 disease, cicatricial sequelae developed in six. Incidence and severity increased with decreasing birthweight and gestational age. Onset was not confined to the temporal retina but exhibited a predilection to start first in the nasal retina of the most immature neonate.
to the temporal retina but exhibited a predilection to start first in the nasal retina of the most immature neonate.
The vertical retinal regions were relatively spared. Ret inal arteriolar tortuosity developed around three months postnatally and was related to ROP severity but not its presence. The age at onset and rate of progression of ret inopathy were largely determined by the stage of develop ment but were also modified by systemic and local factors. The relevance of these findings to ROP screening is discussed.
The resurgence of interest in retinopathy of prematurity (R OP) over the past decade or so has resulted in an inter nationally agreed classification system 1 .2 and also the find ing that cryotherapy is an effective method of treatment for severe disease.3 . 4.5 Yet despite this activity certain aspects of its natural history have yet precisely to be defined. The need for know ledge of the sequence of events occurring at a retinal level is twofold. First, it enables the design of appropriate and simple screening programmes. Second, it may provide further clues to the pathogenesis of this disease.
This article describes the natural history of ROP in detail using data obtained from a prospective study. This was undertaken in three cities of the East Midlands of England and the protocol was specifically designed to investigate the subtle features of acute ROP. This popula tion was not influenced by either vitamin E prophylaxis or, once ROP had developed, by treatment with cryotherapy (except for one eye of one infant). Publications from this study include: epidemiology using a subgroup of infants born to mothers resident within defined geographical boundaries, 6 a preliminary report on risk factors/ and the age at onset and initial site of retinal involvement.8. 9 In addition, using selected ROP retinal location data we have explored the possibility that light may be a causative factor. 1 0
PATIENTS AND METHODS
Commencing July 1, 1985, and running until May 31, 1987 , a prospective study of ROP was undertaken in the cities of Leicester, Derby and Nottingham. All infants who survived three weeks, with birthweights ::;; 1,700 g and were admitted to one of the five neonatal units of these cities were enrolled into the study. Although the majority were born to mothers locally resident, a number (n = 67) were transferred into this area from outlying units. No infant received supplemental vitamin E. One eye of one infant was treated by cryotherapy.
Ophthalmic examinations (ARF) commenced at three weeks of age and were performed weekly whilst on the neonatal unit, fortnightly following discharge from hospi tal, until 12 weeks of age, and thereafter as clinically indi cated. All infants had a final assessment at six months corrected age. The pupils were dilated using cyclopento late 0.5% eye drops, with or without phenylephrine 2.5% eye drops, prior to examination by indirect ophthalmos copy with a 28 dioptre lens. Before the age of 12 weeks, following the instillation of topical anaesthesia (oxybu procaine eye drops), an eyelid speculum and scleral inden tor were also used, the latter for ocular rotation, rather than indentation. This facilitated visualisation of the peripheral retina over its entire circumference. Ophthalmic findings were recorded on a form designed specifically for this study, which included information on acute and cicatricial ROP, location by zone and clock-hour. Retinal zones were centred on the optic disc, with the radius of zone 1 extend ing temporally to twice the optic disc-macula distance, zone 2 involving the entire nasal retina and the corre-sponding area of the temporal retina, with zone 3 occupy ing the temporal crescent. Other signs recorded included the presence of haemorrhage, state of regression of the tunica vasculosa lentis and completion of vascularisation in the retinal temporal periphery. The degree of arteriolar tortuosity of the major vessels close to the optic disc was graded 0 to ++++. The following signs of 'plus' disease were recorded: dilatation/tortuosity of the posterior vessels, iris vessel dilatation, pupillary rigidity and vit reous haze. Acute ROP was classified in accordance with the 1984 International Classification of Retinopathy of Prematuriti and for cicatricial changes the classification of Reese, King and Owens of 1953 was used. II At the final visit at six months corrected age, details other than ROP, such as visual acuity (using the acuity card procedure), refractive status, the presence or absence of fusion and strabismus were all recorded, but will not be considered here.
Ophthalmic findings were entered onto the mainframe computer at Birmingham University (IBM 3090) and ana lysed by means of the statistical package SPSS.
The term gestational age (GA) denotes time from the last menstrual period to birth. Thereafter age is either referred to as postnatal age (PNA: age in weeks after birth) or, correcting for the degree of prematurity, postmenstrual age (PMA: gestational age+postnatal age). The term post conceptual age is also commonly used and is synonymous with PMA.
Permission for this study was obtained from the Ethical Committees of Leicestershire, Nottingham and Southern Derbyshire Health Authorities.
RESULTS

The Cohort and Ophthalmic Examinations
Five hundred and seventy-two (572) infants satisfied the Fig. 3 , of which 533 (93.2%) were seen two or more times before 12 weeks. Forty-eight cases either died or moved out of the area before 12 weeks corrected age, and of the 524 available for follow-up at this age 9 1.8% (n = 481) were examined. Of the 43 who were lost to fol low-up 25 had no ROP, 12 stage 1, and 6 stage 2 at the last examination. Table I . Despite a similar overall incidence, there was a significant disproportion of Asian children developing the most severe disease. 6 Although numbers are small, Afro- Caribbean infants were the least likely to develop any ROP.
Incidence of Acute
Multiple pregnancies accounted for 157 infants includ ing one set of triplets and three survivors of quadruplets. This group contained 35 siblings with Bwt > 1,700 g who were in the study but have not been included, with this exception, in the analysis. There were 17 sole survivors. Thirty-two sets of twins and one set of triplets had no ROP (n = 67). Eight sets of twins developed retinopathy with each twin behaving identically with regard to age at onset and maximum ROP stage. In the remaining 27 sets of twins and the three surviving quadruplets (n = 57), within each set each infant did not behave similarly. Of these, there were 17 sets in which only one member developed ROP and in 14 sets the infant of lower birthweight was affected.
Site of Onset
There were regional variations of ROP at onset and the A. R. FIELDER ET AL.
process exhibited a propensity to involve the nasal and temporal retina rather than the superior and inferior regions (Fig. 4) . The horizontal retinal regions where acute changes were first visualised, subdivided according to GA and Bwt are shown in Figs. 5 and 6. Site of onset was significantly related to the degree of prematurity (median GA), as follows: no ROP 32.0 weeks; temporal onset ROP, 30.0 weeks; onset in the temporal and nasal retina simultaneously, 28.0 weeks; inferior, 29.0 weeks; in the nasal retina alone 28.0 weeks, and superior retina 27.5 weeks GA (p <O.OOOl). Thus the relatively mature infant developed ROP initially in the temporal retina, but with decreasing GA there was a tendency for the retinopathy to develop either in both the nasal and temporal retina simul taneously, or in the most immature infant solely in the nasal retina. Most (n = 25) of the 27 cases which later progressed to stage 3 disease exhibited changes initially either solely in the nasal retina (n = 11) or simultaneously in the nasal and temporal retina (n = 14), with only two starting tem porally (both having subsequent nasal involvement). Of those with initial changes in the nasal retina (n = 54), 94.4% (n = 51) developed temporal ROP later, whilst of those with temporal onset (n = 171), 18.7% (n = 32) had subsequent nasal development. ROP was less likely to involve the vertical regions, and in no infant did ROP at onset involve solely 6 or 12 o'clock.
Age at Onset
The postnatal age at which acute retinopathy developed Clock-hour � retinal involvement at onset ..
Gestation (weeks) Fig. S . Site of onset of ROP al ong the horizontal meridia according to GA. In the relativel y mature infants retinop athy has a predil ection to commence in the temporal retina. but with increasing immaturity there is tendency for this to be observed first in either the nasal -temp oral regions simul taneousl y or in the most immature in the nasal retina al one.
was inversely proportional to both decreasing Bwt (p = 0.028, Kruskal Wallis) and GA (p = 0.0003 Kruskal Wallis). The single exception being the 1,500-1,700 g group with a median age at onset of 42 days, greater than all but the :::: : 750 g group. This probably reflects the diffi culty of following closely the larger infant discharged from hospital relatively soon after birth. The PMA at which ROP developed ranged from 29.7 to 45.0 weeks ( 
Clock-hour involvement
As shown in Fig. 8 
ROP Symmetry
In 74 of the 291 cases acute ROP was asymmetrical, and in all by only one stage. Using N(R,L) notation, where N = number of cases exhibiting (R stage, L stage), the asymmetry was: 28(0,1), 21(1,0), 10(2,1), 9(1,2), 2(3,2) and 4(2,3), and the symmetry: 281(0,0), 122(1,1), 74(2,2) and 21 (3, 3) . all six cases of cicatricial ROP exhibited asymmetry which in four exceeded 1 stage: 1(2,3), 1(3,2), 1(3,0), 2(3,1) and 1(2,0). Figure 7 shows the PMA at which the various stages of acute ROP developed. Stage PMA at onset (mid-point In weeks) 
Progression and Resolution of Acute ROP
White Patches
In 79 infants white patches were observed in the region of the tips of the retinal vessels in the superficial retina on one or more of the examinations. Sometimes these patches were small and isolated, on other occasions they were con fluently arranged circumferentially, and with regression were traversed by the peripherally growing vessels. Tw enty-four (24) 
DISCUSSION
The natural history of ROP has been studied prospectively in 572 infants of B wt � 1,700 g. Before discussing issues arising from the results, certain strengths and limitations of this study will be identified. The study protocal was specifically designed to investigate the subtle features of acute ROP. Examinations commenced relatively early postnatally, were performed regularly until the likelihood of ROP development had passed (completion of retinal vascularisation), and involved scrutiny of the entire retinal circumference. This permitted the identification of certain of the more transient signs ofROP such as its onset, clock hour location, and progression rate, which would not have been observed in a less rigorous programme. Being under taken in a geographically defined area the cohort also pro vided the basis for one of only two recent epidemiological studies.6. 1 2 However, despite the relatively large cohort the numbers in certain categories, particularly for severe disease, were too small for statistical analysis.
It is established that the incidence and severity of ret inopathy both rise with decreasing birthweight and ges tational age. As our present cohort (n = 572) contained only a few infants in addition to the epidemiology cohort6 (n = 505) it is not surprising that the two sets of incidence figures do not differ significantly. Our incidence figures, particularly for the acute ROP stages are consistently higher, whilst those for cicatricial disease are lower, com pared to other studies.13-lx Possible explanations have been previously debated,6.19.2o but almost certainly reflect the rigorous examination protocol used rather than issues of interpretation of ophthalmoscopic findings, or true variation of incidence. Similarly differences in the inci dence and severity across ethnic groups have been discussed.6.21. 22 Scant attention has been paid to the site of ROP onset. Traditionally retinopathy was assumed to commence always in the temporal retina,23-28 this being the last region to vascularise. In previous decades this may well have been so, as the neonate at risk of developing severe ROP (ie at risk of blindness) was in the 1,000-1,500 g birth weight group, whereas nowadays it is mainly confined to those of birthweight 750-999 g,29.3 0 who in the past were unlikely to survive. Nevertheless there are anecdotal references to acute changes in the nasal retina25.28 and early on in this studl we were surprised to find that not only did ROP not always commence temporally, but it had a pre dilection in the most immature to start first in the nasal ret ina. Here these findings are confinned. Nissenkorn et at. recently31 reported stage 3 disease developing two weeks earlier in the nasal compared to the temporal retina. How ever the results of this stud/o show (Fig. 4) for the first time that the regional variations in the onset of ROP are not confined to the horizontal meridia. Thus ROP tends to spare the superior and inferior retinal areas, and when they are involved its onset at these sites is frequently delayed. 1 0
The location of ROP by zone (antero-posterior location) and clock-hour (circumferential location) is pre dictive of future progression. With respect to zone, the more posterior the process, the greater the potential for severe disease. Hence the poor prognosis for zone 1 disease,4 not surprising as the zone of involvement is an indication of the degree of retinovascular immaturity and consequently its potential for progression. In this study no ROP confined to zone 3 achieved stage 3 disease. Clock hour involvement at onset indicated the likelihood of sub sequent extension around the circumference (Fig. 8) . Thus about 20% of ROP confined to the temporal retina at onset, later extended to involve the entire circumference, whereas for the nasal and superior retina this rose to about 75-90%. Acute ROP tended to be symmetrical and the two eyes did not differ by more than one stage in this study. However clock-hour asymmetry occurred more fre quently, perhaps accounting for the characteristic asym metry of cicatricial disease:]2
This study also confinns previous observations 1 8 . 33 . 34
that ROP onset occurs at a later postnatal age in more immature neonates compared with their relatively more mature counterparts. When correction is made for the degree of prematurity ROP develops over a relatively nar row postmenstrual age range. However as intimated by Fielder et at.33 and highlighted by Quinn et al.,34 its onset is slightly accelerated in the most immature, indicating that although the stage of development at birth is the major determining factor, the event of birth and/or postnatal events also exert some influence. Unfortunately our data only indicate a trend and greater numbers are required fully to unravel this aspect. Thus both age at onset ofROP and its rate of progression appear to be largely governed by the stage of development (Fig. 6 ), but this cannot fully explain all aspects as extreme prematurity probably exerts a slight hastening effect. Furthermore, not all neonates with the same degree of immaturity develop retinopathy, and those that do, do not all exhibit changes of similar sev erity. Other factors must be involved therefore, to account for these aspects and for the regional variations with regard to both retinal location and time of onset. The many systemic ROP risk factors including supplemental oxygen have not been considered here, but it is interesting to note that vitamin E prophylaxis has recently been reported to delay both ROP onset and progression. 36 In view of the regional variations reported here, local events must be relevant. Mechanisms are unknown but the possibilities include: regional variations of retinal vascular and neural development. 1 0 The possibility of environmental influen ces of ROP production, such as regional variations of the retinal light dose has recently been discussed.1O To sum marise, the onset and rate of progression of the ROP pro cess (a response of the immature retinovascular system) is largely determined by the stage of development, but may also be modified by systemic and local factors. While ROP severity is also obviously related to the degree of immaturity, systemic factors33 assume far greater import ance and local factors should also be considered. \ 0 'Plus' disease (iris vascular engorgement, pupil rigidity, posterior venous engorgement and arteriolar tortuosity) is an indicator of a particularly florid ROP response, or in the words of the Committee for the Classification of ROP 'progressive vascular incompetence'. I In this study changes in the posteriior pole vessels were the most com monly observed 'plus' sign and in no case were other activity indicators present without this sign. Although iso lated signs were observed without stage 3 ROP, the con stellation of 'plus' signs only occurred in eyes at this stage, or in eyes which later developed stage 3. Thus 'plus' disease developed either before or at stage 3. Again our numbers were too small to determine the precise relation of 'plus' signs and ROP severity. Although most cases of stage 3 (19/27) had at least one 'plus' sign with a trend to more signs with increasing clock-hour involve ment, this was not an invariable association.
To the best of our knowledge this is the first study to report retinal white patches in preterm neonates. These are small and superficially located, just peripheral to the growing tips of the retinal vessels. They were seen in neo nates with and without ROP, although in the latter the possibility of a subtle demarcation line not being identi fied cannot be excluded-i.e. they represent part of the regression process. Nevertheless the age at which they were observed, and that the peripherally growing vessels passed through them, suggests that they are part of the res olution process for those with ROP, and associated with the growth of vessels across the peripheral retina in those without retinopathy.
In the early neonatal period retinal arterioles do not exhibit any tortuosity, this sign develops around three months postnatally. The degree of tortuosity, but not its presence, was related to severity of acute ROP, as this sign was present in 92% whilst retinopathy developed in only 50% of our cohort. By six months corrected age arteriolar tortuosity was present in all but four infants. These find ings disagree with those of Baum who suggested3 6 that this represents a persistent sign of the 'proliferative phase of RLF'.
As, at last, there is an effective mode of treatment for severe ROP,3-5 screening has become a priority and has been addressed on a number of occasions. [37] [38] [39] [40] [41] [42] [43] [44] [45] This study indicates that appropriate design of an ROP screening pro tocol is dependent on an understanding of its natural history. Guidelines are a safety net and have to attempt to A. R. FIELDER ET AL.
foresee the unforeseen, without increasing the workload disproportionately. It is important also that guidelines do not rely too heavily on one study, which may not truly reflect other populations. With these caveats a few com ments will be made from our study on two aspects. First, the selection of babies. Severe ROP affects the most immature neonates, all but two in our study were <29 weeks GA and all but two � 1,250 g Bwt. In our opinion, due to the occasional discrepancy between birth weight and gestational age, a screening,procedure should include both parameters of prematurity. For example, both infants in this study with stage 3 who were > 29 weeks GA (32 and 33 weeks GA) had low birthweight (525 and 1,200 g) and would have been included had the birth weight criteria been set at 1,500 g. Indeed it could be argued that a birth weight criteria alone is required as this is the more power ful predictor of ROP. Our multiple birth data support this suggestion as in those with only one member affected, in most (14/17) the one with ROP had the lowest Bwt. Ges tational age, however, encourages the clinician to think in terms of the temporal aspects of the developmental sequence, and for the time being it is probably safer to include this parameter in a screening protocol. Second, the timing of ophthalmic examination. Here the fundamental principle is that the onset and progression ofROP are both governed predominantly by the stage of development rather than postnatal events. As shown in Fig. 7 the sequence of events correlates better with age corrected for the degree of prematurity (PMA) rather than postnatal age (PNA). This simplifies screening programme design con siderably. Whilst recognising the importance of neonatal events as factors which influence ROP severity; as they are not major determinant factors in its timing; they do not have to be accounted for in the timing of examin ations--or indeed in any part of the selection process. Timing is critical for two reasons. First, if undertaken very early on examination may precede ROP onset. Second, the time window available for cryotherapy for threshold disease (;;::: 5 hours contiguous or ;;::: 8 hours cumulative stage 3 ROP with 'plus' disease) is narrow, only about two to three weeks. Therefore an initial examination per formed following discharge and after term may be too late. However, important clues can be gained from the normal examination as to whether further evaluation is necessary, i.e. answering the question: has the eye the propensity to develop severe disease? In this respect assessing the width of the peripheral avascular zone is useful-is the vascular/ avascular junction in zones 1, 2, or 3? Determining the first is straightforward, but in the absence of a landmark which permit zones 2 and 3 to be distinguished in the tem poral retina, this can only be known with certainty by the state of vascularisation of the nasal retina. If the nasal ret ina is fully vascularised zone 3 has been entered, and in this study no stage 3 disease was confined solely to this zone. If the nasal retina has yet to be vascularised, severe disease can still develop. In this study no ROP which developed after term subsequently became severe. When ROP has developed, a sign which indicates a likelihood for progression is involvement of other areas than the tem poral retina (see Fig. 7 ). Due to the difficulty of scru tinising the extreme retinal periphery, we consider the use of an eyelid speculum and scleral indenter important aids to examination. In the UK guidelines have recently been drawn Up. 45 These recommend inclusion criteria of Bwt < 1,500 g and � 31 weeks GA, and that examinations should commence at 6-7 weeks postnatally and be under taken fortnightly until 36 weeks PMA, or until vascular isation is into zone 3. In most infants one examination should suffice. 45 The findings of this study emphasise that low birth weight identifies the babies at risk, those who need to be screened. Postmenstrual age on the other hand largely determines when ROP will develop and progress, and thus indicates when examinations should commence, and the age at which treatment is likely.
In this study the natural history ofROP has been inves tigated. The intensive protocol permitted the kinetics of this condition to be studied, and due to the advent of cryotherapy, such investigations will not be possible again in the foreseeable future. We have shown that ROP onset and progression are linked to the stage of development of the infant and that retinopathy exhibits characteristic regional variations. The relevance of these findings to the routine ROP screening has been discussed. Their value as clues to our understanding of fundamental mechanisms awaits further study.
